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Commuting to and from dense urban centres is often believed to be more energy efficient than commuting from
more suburban areas. However, quantitative evidence is lacking. In this context, this paper investigates the inter-
actions between the spatial structure of the territory and transport energy consumption for commuting. Based on
empirical surveys carried out every 10 years in Belgium, a quantitative method was developed and applied to assess
energy efficiency of home-to-work and home-to-school trips. The main findings highlight that urban planning acts
on travel energy consumption for commuting and that major cities present low energy consumption. However, a
local-scale approach is useful for refining these observations, and this approach highlights the existence of secondary
suburban and rural cores that are also characterised by low transport energy consumption. In this respect, the
distance from home to a destination is paramount, whereas the mode of transport used has a lower impact. The
method is parameterised and reproducible in other territories.
1. Introduction
The problems associated with energy use, such as global climate
change caused by the release of carbon dioxide and other
greenhouse gases (GHGs), are receiving increasingly more
attention (Glicksman, 2007). In the transportation sector,
which represents approximately 32% of the ﬁnal energy used
in Europe (European Commission, 2008), increases in energy
consumption and GHG emissions due to commuting by car is
of particular concern. The rise in individual mobility is mainly
attributed to the physical expansion of urban areas, commonly
referred to as urban sprawl. Due to the combination of rapidly
declining transport costs and increasing travel speed (Ewing,
1994), the accessibility of outlying areas and vehicle miles of
travel per capita have increased substantially over the recent
past and have favoured the development of suburban neigh-
bourhoods. Sprawl is believed to be facilitated by car ownership
and use and also to contribute to it, in a positive feedback loop
that reinforces both low-density development and motorisation
(Gilbert and Perl, 2008). The environmental impacts of urban
sprawl have been studied in depth, and urban sprawl has been
identiﬁed as a major issue for sustainable development (Euro-
pean Environment Agency, 2006). Although it is often deﬁned
in terms of ‘undesirable’ land-use patterns (Ewing, 1994;
Urban Task Force, 1999) in the scientiﬁc ﬁeld, sprawl often
induces lower land prices and more affordable housing
(Gordon and Richardson, 1997). Low-density developments
also mean more room and a higher standard of living for
numerous households, and constitute one of the preferred
living accommodations (Berry and Okulicz-Kozaryn, 2009;
Couch and Karecha, 2006; Gordon and Richardson, 1997;
Howley, 2009).
Although it is usually argued that more compact urban forms
would signiﬁcantly reduce energy consumption both in the
building and transportation sectors (Ewing et al., 2008; Gill-
ham, 2002; Newman and Kenworthy, 1999; Steemers 2003),
suburban developments continue to grow. An evaluation of
the sustainability of suburban neighbourhoods is necessary,
and such an evaluation requires appropriate methods and
tools, especially regarding private transport. Transport energy
consumption is rarely taken into account when the sustainabil-
ity of suburban structures is studied, even in cases in which
sharp ﬂuctuations in oil prices and reduction efforts in GHG
emissions play an important role in ongoing discussions and
policies. Various scientiﬁc articles have already studied the
relationships between transport energy consumption and build-
ing density. Based on data from 32 large cities located all over
the world, Newman and Kenworthy (1999) have highlighted a
strong inverse relationship between urban density and transport
consumption. However, Breheny and Gordon (1997) demon-
strated that the density coefﬁcient and its statistical signiﬁcance
decrease when petrol prices and income are included as explana-
tory variables. Different studies also underline the importance
of the price of travel and the inﬂuence of socioeconomic factors
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on transport behaviours (Boarnet and Crane, 2001; Van de
Coevering and Schwanen, 2006). Souche (2010), studying 10
cities around the world (through the IUTP dQ4 atabase), showed
that the two variables that are most statistically signiﬁcant for
transport energy consumption assessment are transport costs
and urban density. On the basis of various case studies, Ewing
and Cervero (2001) evaluated quantitatively the impact of
urban density, local diversity, local design and regional accessi-
bility on mean vehicle travel distances. The elasticity was
evaluated at 0.05 for urban density, 0.05 for local diversity,
0.03 for local design and 0.2 for regional destination
accessibility. It means that if the density of a district is multi-
plied by two, private car commutes are only reduced by 5%.
Note that the impact of destination accessibility is larger than
the three others parameters combined, suggesting that areas
of high accessibility, such as city centres, may produce sub-
stantially lower transport energy consumption than dense and
mixed developments in less accessible areas. Ewing et al.
(2008) found that the most compact metropolitan areas in the
USA generate 35% less mean vehicle travel distances per
capita than the most sprawling metropolitan areas. Ewing and
Cervero (2010) showed that a 10% reduction in distance to
downtown reduces mean vehicle travel by 2.2% and a 10%
increase in nearby jobs reduces mean vehicle travel by 2%.
Finally, more compact developments (including density, func-
tional mix and transit accessibility) can reduce mean vehicle
travel per capita by 25–30% (Ewing and Cervero, 2010).
Finally, the issue of scale should also be addressed as existing
research and studies mainly consider large and dense urban
areas (Banister, 1992; Ewing and Cervero, 2001; Newman and
Kenworthy, 1999) that do not exist in Belgium (with the
exception of the city of Brussels). Owens (1986), for example,
found that different characteristics of the spatial structure are
important in terms of the energy efﬁciency across different
scales. Regarding the impact of land use on transportation,
Van Wee (2002) distinguished several spatial levels: the direct
surroundings of the dwellings, the neighbourhood, the town/
city, the region, a subset of a country, the entire country and
the international scale. In 2008, the World Energy Outlook
recognised that the factors that were inﬂuencing city energy
use were different from the energy use proﬁles of the countries
the cities were in as a whole, and suggested that, in industrialised
countries, the energy use per capita of city residents tends to be
lower than the national average (OECD and IEA, 2008). None-
theless, the issue of geographical scale is often neglected in
discussions about the compact city and transport energy
savings that too often ‘elide scale’ (Neuman, 2005).
The aim of this paper is to analyse the role of the spatial struc-
ture of the territory, and in particular the impact of urban
sprawl, on transport energy consumption at the regional and
local scale. Urban structure is understood here as the system
deﬁned by three main elements: the location of work places
and services (commercial, education, leisure, etc.), the spatial
distribution of population according to the place of residence,
and infrastructures (transport and technical networks). The
aim of this exercise is to understand and address the sustain-
ability of transport in territories and highlight parameters of
paramount importance. This study focuses on home-to-work
and home-to-school commuting. Although home-to-work and
home-to-school trips are becoming less meaningful in daily
travel patterns in the west due to the dramatic growth in
other activities (Graham, 2000; Lavadinho and Lensel, 2010;
Pisarski, 2006), they have more structural power than other
forms of travel because they are systematic and repetitive
(Dujardin et al., 2011). Among all the residential commuting
within the Walloon region of Belgium, home-to-work and
home-to-school trips account, respectively, for 30% and 17%
of trips and for 45% and 9% of the total distance travelled
(Hubert, 2004).
In section 2, the paper presents the study area and the quantitat-
ive method used to assess the transport system in Belgium.
Three indices (the energy performance index, the modal share
index and the distance travelled index) are developed and
mapped in section 3 to investigate the interdependences between
the urban structure of the territory, urban sprawl and travel
energy consumption for commuting at several territorial
scales. In sections 4, 5 and 6, the difference in energy perform-
ance between home-to-work and home-to-school trips, the
evolution of the performance index between 1991 and 2001
and the most inﬂuential parameters are presented and discussed.
Section 7 discusses the limitations of the method and section 8
summarises our main ﬁndings.
2. Study area and methods
2.1 Study area: the Walloon region of Belgium and
urban sprawl
Urban sprawl is particularly familiar in the Walloon region of
Belgium where numerous suburban residential neighbourhoods
have been developed in recent decades. These neighbourhoods
are characterised mainly by low-density residential housing,
the mono-functionality of the developments (functionality
concerns mainly housing but also commercial or industrial
developments), the discontinuity with traditional urban cores
and the great dependence on cars (Halleux et al., 2002). Such
suburban neighbourhoods are often developed far from city
centres where land prices are lower but where public trans-
portation is generally less available. These developments have
thus created further spatial separation of activities, which
results in an increase in travel distances and transport energy
consumption (da Silva et al., 2007). This phenomenon is fam-
iliar in Belgium and there are numerous studies dealing with
it. However, it remains difﬁcult to represent sprawl spatially.
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The authors propose, in this paper, to adopt the deﬁnition
captured by Van der Haegen and Van Hecke’s urban type
classiﬁcation (Sporck et al., 1985; Van der Haegen et al.,
1996) (Figure 1). Based on qualitative as well as quantitative
data, this classiﬁcation ranks the 589 Belgian municipalities
(262 for the Walloon region) in four categories according to
their level of functional urbanisation, morphological and
functional criteria. The ‘operational agglomeration’ was based
on the morphological agglomeration, or the density of urban
cores. Its limits were determined by the continuity of the
building stock and adapted to administrative borders. The
‘suburbs’ were the ﬁrst suburban area of a city. The density of
the population remains less than 500 inhabitants/km2. Areas
located further from the city, while maintaining a strong
relationship with the city, mainly through home-to-work trips
(alternating migrants, or commuters, living in these areas
mainly work in the corresponding operational agglomeration),
constituted the ‘alternating migrants area’. Remaining areas
were regrouped under the ‘other areas’ term and represent
rural and less dense areas located far away from main city
centres as well as secondary centres. Urban sprawl is linked to
the suburbs and the alternating migrants areas (Bru¨ck, 2002).
Finally, note that the inﬂuence of neighbouring countries and
regions was not taken into account in Van der Haegen and
Van Hecke’s classiﬁcation.
2.2 The method
A quantitative method was developed to assess the energy
efﬁciency of home-to-work and home-to-school trips. The
complete methodology and dataset are presented in detail by
Marique and Reiter (2012a). This method uses empirical data
from Belgium’s national census, which is carried out every 10
years. One-day travel diary data collected from male and
female heads of households were used from the two last surveys,
respectively carried out in 1991 and 2001. For these households,
information about demographics, socioeconomic status, car
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Figure 1. Urban type classification (Sporck et al., 1985; Van der
Haegen et al., 1996)
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ownership, travel distances, the main mode of transportation
used and the number of days worked per week and per person
is available at the individual (desegregated) scale. These
data are available for both home-to-work and home-to-school
trips.
These data were also used by Boussauw and Witlox (2009) to
develop a commute-energy performance index for Flanders
and the Brussels capital region of Belgium. To build a locally
speciﬁc index that is tailored to suburban areas, in addition to
Boussauw and Witlox (2009) data, local characteristics of the
public transport network in suburban areas (as signiﬁcant
differences exist between cities and suburban neighbourhoods),
the type of vehicles used and the number of working days of the
population in the neighbourhood were taken into account. In
this paper, this method was applied to the entire regional
territory to investigate the relationships between the spatial
structure of the Walloon region of Belgium and the transport
energy consumption for home-to-work and home-to-school
trips.
Three indices are derived from this method. The energy
performance index (expressed in kWh/travel per person) for a
territorial unit represents the mean energy consumption for
home-to-work/home-to-school trips for one worker/student
living within a particular census block (district). This index
takes into account the distances travelled, the means of trans-
port used and their relative consumption rates, expressed by
Equation 1. In the equation, i represents the territorial unit; m
the mean of transport used (diesel car, petrol car, train, bus,
bike, on foot); Dmi the total distance travelled by means of
transport m in the district i for home-to-work (or home-to-
school) trips; fm the consumption factor attributed to means
of transport m and Ti the number of workers (or students) in
the territorial unit i.
Energy performance index ðiÞ ¼ SmDmi  fm
Ti1.
Consumption factors fm were calculated by Marique and Reiter
(2012a) on the basis of regional and local data. Consumption
factors are worth 0.56 kWh/person per km for a diesel car,
0.61 kWh/person per km for a petrol car, 0.45 kWh/person
per km for a bus, and 0 for non-motorised means of trans-
portation because these do not consume any energy. The
consumption factor for a train was recalculated, following
Teller et al. (2010). It depends on the production of electricity
as trains in Belgium are electric, and was calculated by dividing
the total energy used to operate trains in Belgium by the total
number of passengers per km in the reference year. The
consumption factor for the train is worth 0.15 kWh/person
per km. Note that this is a mean value that integrates both
peak and off-peak hours.
The distance index (in km) represents the mean distance
travelled (one way) by one worker/student from home to
work/school (see Equation 2) Q5.
Distance index ðiÞ ¼ SmDmi
Ti2.
The modal share index (in %) represents the frequency of
use for each mean of transportation per territorial unit,
according to Equation 3, where NDn is the number of trips by
mode n.
Modal share index mode n ðiÞ ¼ NDn
SmNDm3.
Indices are calculated at three territorial scale: the census block
(or district) scale, the former municipality scale and the muni-
cipality scale. In addition to these indices, the annual energy
consumption for home-to-work (or home-to-school) trips is
calculated according to Equation 4, where TDi represents the
total number of home-to-work (or home-to-school) trips (one
way) for all the workers (or students) living within the territorial
unit i. This factor takes into account the number of working
days for each worker.
Annual energy consumption (i)
¼ Energy performance index iTDi4.
Note that the unit of energy chosen to express the energy
efﬁciency of home-to-work and home-to-school trips (kWh)
was chosen to allow for a comparison between energy consump-
tion in transport and energy consumption in the residential
building sector (heating, appliances, electricity, etc.). This
method is presented in Marique and Reiter (2012b).
3. Spatial structure and energy
consumption for home-to-work trips
Figure 2 presents the energy performance index for home-to-
work trips, mapped at the municipality scale (2001 data) for
the Walloon region of Belgium. At ﬁrst glance, the general pat-
tern of this map is similar to Van der Haegen and Van Hecke’s
urban type classiﬁcation presented in Figure 1. The two main
cities (operational agglomerations) of the region, Charleroi
and Lie`ge, show the lowest energy consumption rate (shown
in white in Figure 2), whereas suburban and more rural or
remote parts of the territory have a much higher energy con-
sumption rate (shown in dark grey and black). The highest
transport energy consumption levels are found in two suburban
parts of the region: the Brabant wallon (in the north) and the
area south of Luxembourg province (in the south). These two
areas have strong relationships with the metropolitan area of
Brussels and Luxembourg city, respectively, due to the high
Energy
Volume 166 Issue EN0
Urban sprawl, commuting and travel
energy consumption
Marique, Dujardin, Teller and Reiter
4
concentration of employment in these cities. However, the price
of land close to these cities is relatively high, which encourages
workers to live in remote suburban neighbourhoods and
commute longer distances to their places of work. Moreover,
public transportation is generally less available in these
low-density developments, which results in a higher modal
share of the private car.
Table 1 gives the mean value of the energy performance index
(kWh/travel per worker) for the three urban types and for the
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Figure 2. Energy performance index for home-to-work trips (in





Mean energy performance index: kWh/travel per worker 10.4 12.9 14.2
Brussels (only the part located in the Walloon region, does not include the CBD) 11.5 12.7 15.1
Charleroi 10.3 13.5 13.9
Lie`ge 9.4 12.7 14.0
Mons 12.2 12.9 12.0
Namur 10.8 13.8 14.2
Mean distance for one trip: km 21.3 25.5 29.5
Mean modal share (bus): % 4.0 1.7 1.5
Mean modal share (train): % 14.0 12.7 15.4
Table 1. Indices for home-to-work travel (data: 2001)
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ﬁve largest cities of the region. Note that Brussels does not
belong to the Walloon region, but many workers working in
this city live in the Walloon region (see Figure 1).Q6 Table 1 high-
lights that transport energy consumption rises with the distance
to city centres where much of the employment is concentrated.
Travelled distances were also calculated for the three main
urban types. These distances are shorter in operational agglom-
erations, compared to the areas with less density. The modal
share of the bus is higher in the operational agglomerations,
whereas the modal share of the train is similar in the three
areas. Note that the policy of the Belgian national railway
society tends to close stations located in small towns and to
reorganise its services around main stations and lines from
west to east (Lille–Aachen, along the old industrial basin
where many residents and jobs are concentrated) and from
south to north (Luxembourg–Brussels).
Calculating and mapping the energy performance index for
home-to-work commutes at the former municipality scale
(Figure 3) and the local scale reﬁnes these initial observations.
Outside the main agglomerations, several secondary municipa-
lities and settlements (census blocks or districts) also show lower
consumption rates. Most of these are cities and neighbourhoods
that are located along the old industrial basin (from west to
east: Mouscron, Tournai, Mons, Charleroi, Namur, Huy,
Lie`ge, Verviers and Eupen), or smaller towns in the southern,
less densely populated part of the Walloon region (Chimay,
Marche, Spa and Arlon). These secondary settlements are
located outside the inﬂuence of the main regional cities. Popu-
lation density is low, and people typically manage to ﬁnd
employment locally. This local-scale approach thus highlights
more local phenomena linked to the location of secondary
employment centres in areas located far from major cities.
In conclusion, two distinct phenomena co-exist: ‘metropolisa-
tion’ and ‘territorial recomposition’. Metropolisation induces
higher commuting distances in the suburbs of attractive metro-
polises (such as Luxembourg and Brussels or, to a lesser extent,
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Home-to-work travel: kWh/travel per worker
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Figure 3. Energy performance index for home-to-work trips (in
KWh/travel per worker) at the former municipality scale; data: 2001
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Lille (in France) and Aachen (in Germany)) where employment
is concentrated. Note that these poles are all located outside the
Walloon region of Belgium, and three metropolises are located
outside of Belgium very close to its border. The inﬂuence area of
these poles can reach 40 or 50 km. The territorial recomposition
occurs mainly in the north part of the region (Brabant wallon)
in the suburbs of Brussels. Secondary employment centres
were developed over the past few years and allow the local
population that used to travel to Brussels for work to ﬁnd
work closer to their homes instead. This allows for shorter
commuting distances and thus lower scores for the local
energy performance index. In the case of territorial recomposi-
tion, the suburbanisation of housing is accompanied by a local
re-concentration of employment.
The annual transport energy consumption for home-to-work
trips per former municipality is mapped in Figure 4. The obser-
vations made for the energy performance index are inverted.
Former municipalities with high transport energy consumption
are strongly linked with areas with high-density population and
highlight the importance of these areas in terms of potential
energy savings. The population affected by the energy savings
measures undertaken in those areas is particularly large. The
total annual energy consumption for home-to-work trips in
the entire region amounts to 6804 GWh.
4. Comparison with home-to-school trips
The method developed in Marique and Reiter (2012a) also
allows for discussion of the energy efﬁciency of home-to-
school trips, as data relating to these types of trips are available
in the national census. Observations regarding the relation
between transport energy consumption and the urban structure
drawn for home-to-work trips, at the three territorial scales, are
also valid for home-to-school trips: lowest energy performance
indices are found in dense urban former municipalities and
settlements, located along the former industrial basin
(Figure 5). However, home-to-school trips consume much less
energy per capita and per travel than home-to-work trips, as
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shown in Table 2. For example, in 2001, the mean energy
performance index for home-to-school trips is worth 3.5 kWh/
travel per student, while the mean energy performance index
for home-to-work trips was worth 12.1 kWh/travel per
worker. The main explanation for this observation is that
schools are spread throughout the entire regional territory,
even in the most rural municipalities (rural core, suburban
centres, etc., are equipped with at least one primary school).
This allows for reduced distances from the homes to desti-
nations, whereas work locations remain concentrated in main
cities or suburban business centres. For example, the mean
distance travelled from home to work is 24 km, and the mean
distance travelled from home to school is 8.2 km.
In terms of modal shares, signiﬁcant differences are highlighted:
the use of non-motorised means of transportation (bicycle, on
foot) is much higher for home-to-school trips (14.7%) than
for home-to-work trips (4.7%). The bus is more often used to
go to school (21.8%) than to work (only 2.3%), whereas the
use of the train is more or less equivalent for these two types
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Home-to-school travel: kWh/travel per student
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Figure 5. Energy performance index (kWh/travel per student) for
home-to-school travels; data: 2001
Operational agglomerations Suburbs Alternating migrants areas
Mean performance index: kWh/travel per student 2.7 4.2 4.2
Mean distance for one trip: km 7.6 11.1 11.2
Table 2. Indices for home-to-school travel (data: 2001)
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of commutes (6% for home-to-work and 7.6% for home-to-
school trips). The car is the favourite means of transportation
for both purposes, with 85.2% for home-to-work trips and
55.8% for home-to-school trips. Furthermore, use of the car
is greater in suburban areas than in central urban areas.
5. The evolution between 1991 and 2001
The evolution of the energy performance index between 1991
and 2001 was calculated for home-to-work trips and is
mapped in Figure 6. A signiﬁcant increase in transport energy
consumption is highlighted in most former municipalities.
This increase is particularly large in the south of the region
(the area in relation to the metropolitan area of Luxembourg
city). Many low-density suburban neighbourhoods were devel-
oped in this area over the past decade to accommodate the
rising number of people that were working in Luxembourg
but were not able to pay Luxembourg prices for accommo-
dation (Vanneste et al., 2007). These municipalities often have
plenty of building land available at low prices (which is not
the case in Luxembourg) but do not offer enough employment
opportunities. The annual transport energy consumption for
home-to-work trips was worth 5017 GWh in 1991, amounting
to an increase of 26.2% between 1991 and 2001. The evolution
of the annual transport energy consumption for home-to-school
trips follows the same trend, with an increase of 23%, even if the
annual energy consumption is lower overall (589 GWh in 1991
and 766 GWh in 2001). The use of the private car has increased
for both purposes of travel (þ5.2% for home-to-work and
þ11.6% for home-to-school trips) to the detriment of non-
motorised modes of transport and buses.
6. Main parameters
The general pattern of the energy performance index map is
very similar to the map presenting the mean travelled distance
(see Figure 7 for home-to-work trips). The energy efﬁciency of
home-to-work and home-to-school trips is strongly determined
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Evolution between 1991 and 2001
Home-to-work travel: kWh/travel per worker
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Figure 6. Difference (kWh/travel per worker) between performance
indices for home-to-work trips at the former municipality scale in
2001 and in 1991
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by the distance travelled. Mode choice has less of an impact on
the energy performance of those types of commutes. This can
partly be explained by the relationship between distance and
mode choice. The consumption factor used for the train is
approximately four times lower than the consumption factors
used for a private car, but trips by train are much longer than
trip by car. The location of activities and a mix of functions
at the living area scale are thus important strategies for promot-
ing a reduction in transport energy consumption. Promoting
more efﬁcient public transportation in these areas could also
be a credible strategy for two reasons: more energy-efﬁcient
vehicles and a better occupation rate could both reduce the
consumption factor for the bus.
7. Discussion
Several limitations of the proposed method must be acknowl-
edged. First of all, the factors used to convert kilometres for
each mode of transportation into kWh are calculated for the
entire territory (including urban and rural areas). Factors
used for public transport are found to be slightly unfavourable
compared to urban centres. This is explained by the reduced
consumption factor per person and per kilometre in urban
centres because the occupancy rate of public transport is
higher. Moreover, congestion in city centres and above-average
speeds on non-congested motorways, which can lead to higher
energy consumption rates and vehicle emissions (Beevers and
Carlslaw, 2005; Department for Transport, 2011; Den Tonke-
laar,1994) are not considered.
Second, even if many studies dedicated to transport and energy
consumption only focus on home-to-work data because they are
the most often available, a limitation of the method arises
because data on only two types of trips (home-to-work and
home-to-school journeys) are available in national censuses.
Those types of journeys are not representative of all trips
made by a household even if they play a major role in them
because they are commuting journeys and signiﬁcantly affect
related trips for leisure or commercial purposes Q7. ‘Type-proﬁles’,
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Figure 7. Mean travelled distances from home to work (in km) at
the former municipality scale in 2001
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such as those performed on smaller areas by Saunders et al.
(2008), could be developed to take into account those trips in
further research.
Third, although the calculations of the indices lead to quanti-
tative results, analyses are mainly based on visual inspections
of the maps to link the spatial structure of the territory and
transport energy consumption, at different scales. Note that the
quantitative data are necessary and that visual analysis alone
can lead to misinterpretations of the results. To strengthen the
qualitative visual analysis, complementary quantitative methods
and techniques could be explored in further analyses. Multi-
variate regression analyses performed by Marique et al. (2012)
fQ8 or home-to-school trips conﬁrm the qualitative ﬁndings high-
lighted through a qualitative assessment of map patterns
Finally, it should be mentioned that the structure of a territory
is not the only parameter that inﬂuences energy consumption
for commuting. The analyses presented in this paper did not
take into account external factors, such as income levels,
improvements in the vehicles, behaviours and lifestyles of the
commuters, etc., although the authors still believe these factors
may inﬂuence adult mobility behaviours. Due to the huge
inertia of the urban structure and market forces (in particular
in neighbouring Luxembourg), major changes in the location
of work places and residences can only be considered in the
long term. Land use policies should mainly favour the reduction
of distances through a better mix of functions, at the living area
scale, in areas with large concentrations of the local population,
and be more directive as far as the location of new work places
and residences is concerned. In addition to the results presented
in this paper, more efﬁcient vehicles, alternative technologies
(e.g. hybrid electric vehicles supplied by low-carbon electricity,
and supported, favourable tax and local charging regimes
(Gibbins et al., 2007), hybrid trains that uses batteries as an
energy storage device (Wen et al., 2007)) and more sustainable
behaviours and lifestyles related to transportation should also
be encouraged effectively to reduce transport energy consump-
tion and GHG emissions.
As far as the reproducibility of this approach is concerned, the
method is parameterised and, if the same type of empirical
survey data exist, they can be reproduced for other territories
by adjusting parameters for vehicles, consumption factors, etc.
8. Conclusions and perspectives
Using a quantitative method developed to evaluate transport
energy consumption and its application to the Walloon region
of Belgium, this paper has shown that urban structure (that is
to say, the system deﬁned by the location of work places and
services, the spatial distribution of population according to
residence and infrastructures), acts on travel energy consump-
tion. This study also questioned the issue of scale through an
evaluation of the energy efﬁciency of home-to-work and
home-to-school trips at several territorial scales. This study
has shown that a local-scale approach is useful, as it allows
for a more nuanced picture of the energy performance of
commuting in urban and suburban areas. The local-scale
approach highlights local phenomena, particularly the existence
of secondary urban cores characterised by low energy consump-
tion inside suburban territories due to the local re-concentration
of employment opportunities and a sufﬁciently large con-
centration of local population. Two distinct phenomena were
highlighted: ‘metropolisation’, which results in a longer com-
muting distance in the suburbs to major employment centres
(such as Luxembourg and Brussels), and ‘territorial recomposi-
tion’, which tends to reduce travelled distances inside suburban
or remote territories. In this respect, the current mobility
policies should be more context speciﬁc by also addressing the
sustainability of transport at the local scale.
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WHAT DO YOU THINK?
To discuss this paper, please email up to 500 words to the
editor at journals@ice.org.uk. Your contribution will be
forwarded to the author(s) for a reply and, if considered
appropriate by the editorial panel, will be published as a
discussion in a future issue of the journal.
Proceedings journals rely entirely on contributions sent in
by civil engineering professionals, academics and students.
Papers should be 2000–5000 words long (briefing papers
should be 1000–2000 words long), with adequate illus-
trations and references. You can submit your paper online
via www.icevirtuallibrary.com/content/journals, where you
will also find detailed author guidelines.
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